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(57) Abstract: A hapten-linker-large group conjugate for use in a rapid assay, wherein the assay is kinetic-based not approaching 
^ equilibrium, the hapten-linker-large group conjugate being of the general formula: X - W - Y - Zwherein:X is a hapten;W is an 
optional thioether or ether group; Y is a linker of 10 or more atoms in length; andZ is a large group of sufficient size to provide 
Q steric hindrance with respect to the binding of X to a ligand in the absence of YAlso provided are processes for the production of 
the conjugates, assay methods and kits. The assays of the invention utilising conjugates of the invention f(5)-OVA] provide a better 
sensitivity than the same assays with conjugates with shorter linkers [(2)-OVA and 3-OVA]. _ . 
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KINETIC ASSAY 



5 FIELD OF THE INVENTION 



The present invention relates to small size haptens, more particularly to their conjugates with 
other large molecules as immobilised or mobile immunoreactants and their use in rapid 
assays, particularly immunoassays, especially for lateral flow tests or strip tests, flow 
10 through formats and flow immxinosensors. 

BACKGROUND 



Rapid lateral flow strip tests or flow immunosensors have many benefits including a user- 
1 5 friendly format, a relatively short processing time before receiving a test result in comparison 
with typical ELISA assays, and long-term stability. They are also relatively inexpensive to 
make. 

For the immunoassay of small size haptens, such as steroids or drugs, a so-called competitive 
20 technique is usually required. As coating antigens, haptens are typically either coated onto a 
solid phase such as a strip membrane as a capture dot, or a line, to react with dye-, enzyme- 
or particle-conjugated antibodies; or labelled with dye, or other chromatically-active 
particles and used as mobile immunoreactants to form a colour dot or band an 
immunocomplex with immobilised antibodies on the solid phase. In both configurations, the 
25 coated antigens, either immobilised on the solid phase or as mobile immunoreactants, 
compete with free sample antigens for a limited number of antibody binding sites. 
Therefore, the hapten/antibody binding capacity in the capture line is an important criteria 
that determines the detectable hapten concentration range and hence sensitivity of the 
immunoassays. 

30 

Because of their small size, it is impossible to adsorb small haptens directly onto a solid 
phase, such as strip membranes or particles, while retaining binding affinity to a hapten- 
specific antibody. Thus, small haptens have to be conjugated onto a protein for their 
immobilisation onto a solid phase. Although there are some other materials, such as a JV- 
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vinylpyrrolidone copolymer (US: 5,723,344) or a nucleic acid fragment (US: 5,849,480) that 
can also be used as attachment intermediates, the conventional protein conjugations, or 
preparations of hapten-protein conjugates, are still the most widely used immobilisation 
techniques for small size haptens on solid phase (Clinica Chimica Acta, 162, 1987, 199-206). 

5 

It is generally accepted that the steric effect is one of the most important factors influencing 
the reactivity, or the binding specificity of antibodies with haptens. Some literature reports 
enhanced binding of the antibody covalently conjugated to the solid phase through an 
extended, flexible Streptavidin/Biotin "bxidgpigXImmunology Letters, 13, 1986, 313-316 

10 and J. Immunological Methods, 111, 1988, 271-275), or through extended length linkers 
(Bioconjugate Chem., 7, 1996, 88-95). The antigen capture capacity of the antibody was 
also increased when large protein antigens were attached to solid supports through different 
linkers (J. Immunological Methods, 55, 1982, 1-12). The concept of hapten-spacer-protein 
conjugates also appears in several patents. The attachment of hapten to an immunogenic 

15 carrier protein via a spacer or linker arm may improve the immune response for the 
preparation of antibodies (US5,776,713 and US5,843,682). Hapten labelled with different 
enzymes, or other tracers, using extended linkers between the hapten and the label are more 
readily recognised and tightly bound by antibodies to haptens, and also maintain good 
enzyme activities or properties of the other tracers (US5,298,403; US5,578,457 and 

20 US5,834,206). Bifunctional reagents with a linker group were also used for such purpose in 
the synthesis of the conjugates (US5,595,741). It was found that construction of a drug 
hapten-carrier protein conjugate with a linker group have its optimal recognition by the 
antibodies and thus have better co-therapeutic use with other conventional drugs 
(US5,876,727). US 5,876,727 also teaches the advantage of having a hapten displaced by a 

25 sufficient distance from a carrier or protein to allow optimal recognition of the hapten by an 
antibody. 

Conventionally, progesterone and other similar steroid haptens with the same a ring structure 
have been attached to other molecules at the six and seven positions on their b ring (G. 
30 Hatzidakis, A. Stefanakis and E. Krambovitis (1993), "Comparison of Different Antibody- 
Conjugate Derivates for the Development of Sensitivity and Specific Progesterone Assay" 
Journal of Reproduction and Fertility, 97, pages 557-561). 
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The applicants have now surprisingly discovered that small size hapten capture capacity of a 
ligand can be enhanced in a relatively short-duration assay with sensitivities for many rapid 
assays, particularly immunoassays, such as lateral flow strip tests or flow immunosensors, 
not particularly suitable for conventional ELISA by the use of a linker between the hapten 
5 and a large group to which the hapten is attached, such as a protein. 

It is an object of the invention is to provide a rapid assay utilising a hapten-linker-large group 
conjugate, or at least to provide the public with a useful choice. 

10 SUMMARY OF THE INVENTION 

In a first aspect, the present invention provides a hapten-linker-large group conjugate for use 
in a rapid assay, wherein the assay is kinetic-based not approaching equilibrium, the hapten- 
linker-large group conjugate being of the general formula: 
15 X - W - Y - Z 
wherein: 
X is a hapten; 

W is an optional thioether or ether group; 
Y is a linker of 1 0 or more atoms in length; and 
20 Z is a large group of sufficient size to provide steric hindrance with respect to the binding of 
X to a ligand in the absence of Y. 

In a preferred embodiment, X is a multi-cyclic fused-ring hapten having an A-ring structure 
of Formula I: 




B 



25 K 1 

Formula I 

wherein R is selected from the group comprising H, CH 3 and CH2OH and the broken lines 
indicate members of an adjacent B-ring structure, and Ri is the attachment point for the 
linker Y. 
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Formula II 

wherein: 

5 R is selected from the group comprising: H, CH 3 and CH 2 OH; 
Ri is the attachment point for the linker Y; 
R2 is H or OH; 

R 3 is selected from the group comprising: oxy, C1-C2 alkyl, hydroxy, and methylcarbonyl, 
which oxy, C1-C2 alkyl or methylcarbonyl is optionally substituted by hydroxy; and 
10 R4 is hydrogen or hydroxy. 

In a further aspect, the present invention provides a rapid assay method wherein the assay is 
kinetic-based not approaching equilibrium, the assay being for detecting a hapten in a 
sample, comprising the steps of: 
15 a) contacting a ligand capable of binding the hapten with a test sample; 

b) further contacting the ligand of step a) with a hapten-linker-large group conjugate of the 
invention specific for the ligand; and 

c) determining the amount of unconjugated hapten bound to the ligand. 

20 Preferably, the second step (b) of contacting the ligand results in contacting and binding of 
much of the excess unbound ligand. 

Preferably, the hapten-linker-large group conjugate is immobilised. 

hi a preferred embodiment, the mixture of step a) is flowed over the hapten-linker-large 
group conjugate of step b). 
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In a still further aspect, the present invention provides a rapid assay wherein the assay is 
kinetic-based not approaching equilibrium, the assay being for detecting a hapten in a 
sample, comprising the steps of: 

a) combining hapten-linker-large group conjugate of the invention with a test sample; 
5 b) contacting the resultant mixture with ligand capable of binding the hapten; and 

c) determining the amount of unconjugated hapten bound to the ligand. 

The ligand is preferably immobilised. 

10 In a preferred embodiment, the step b) of contacting the resultant mixture with an 
immobilised ligand takes place by a flow over or flow through system 

In a yet further aspect, the present invention provides a rapid assay kit, wherein the assay is 

kinetic-based not approachingequilibrium, thekitincluding at least: 

15 a ligand which binds to a hapten; and 

a hapten-linker-large group conjugate of the invention. 

Preferably, the kit further includes an indicator. In one embodiment, the indicator is bound 
to the hapten-linker-large group conjugate. In an alternative embodiment, the indicator is 
20 bound to the ligand. 

Typically, kits may be flow over or flow through assay kits. A typical flow-through kit 
comprises a test strip. 

25 In another aspect, the present invention provides a process for binding a hapten-linker-large 
group conjugate of the invention to a ligand comprising the steps of contacting the conjugate 
with a ligand capable of binding the hapten in the conjugate for a predetermined time whore 
the reaction does not approach equilibrium. 

30 The ligand is preferably immobilised. In a preferred embodiment, the ligand is preferably 
not bound to a hapten before being contacted by the protein-hapten conjugate. 

In another aspect, the present invention provides a process for producing a hapten-linker- 
large group conjugate of the invention including at least the steps of: 



4) 
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a) mixing an activated steroid hapten dissolved in an polar organic solvent with an 
aqueous solution comprising 1-10 molar equivalents of a heterobifunctional water- 
soluble linker, 

b) allow the mixture to react; and 

> c) attaching a large group to the remaining free functional linker group of the reaction 
hapten-linker product of step b). 



BRIEF DESCRIPTION OF THE FIGURES 

10 

While the present invention is broadly as defined above, it will be appreciated by those 
persons skilled in the art that it is not limited thereto but that it also includes embodiments of 
which the following description provides examples. In addition, a better understanding of 
the invention will be gained through reference to the accompanying drawings in which: 

15 

FIGURE 1 shows the synthesis of 4-progesterone derivatives with extended length linkers. 

FIGURE 2 shows the structures of one 7<x-progesterone-OVA conjugate [(2)-OVA] and 
three 4-progesterone-OVA conjugates [(3>OVA, (5)-OVA and (7)-OVA] with various 
20 length linkers (4-, 1 1 or 1 8-atom linker). 

FIGURE 3 shows both 4- and 7a-progesterone-OVA conjugates [(2)-OVA, lower curve and 
(3)-OVA, upper curve) having similar antibody (MoAb) binding curves. 

25 FIGURE 4 shows standard curves of antibody (MoAb) with (3)-OVA conjugate (upper 
curve) and (2)-OVA conjugate (lower curve). 



FIGURE 5 shows three 4-progesterone-OVA conjugates [(3)-OVA, lower curve; (5)-OVA, 
middle curve; (7)-OVA, upper curve] having similar antibody (MoAb) binding performance. 

FIGURE 6 shows very similar standard curves of antibody (MoAb) with three 4- 
progesterone-OVA conjugates [(3>OVA, (5)-OVA, and (7)-OVA]. 
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4! 

FIGURE 7 shows different binding performance of immunogold conjugated antibody 
(MoAb) with three coated 4-progesterone-OVA conjugates [(3)-OVA, upper strips; (5)- 
OVA, middle strips; (7)-OVA, lower strips] on lateral flow test strip. 

5 FIGURE 8 shows the results of scannometric analysis [(3)-OVA, lower curve; (5)-OVA, 
middle curve; (7)-OVA, upper curve] of FIGURE 7. 

FIGURE 9 shows different binding performance of three immunogold complexes with 4- 
progesterone-OVA conjugates [(3)-OVA, upper strips; (5)-OVA, middle strips; (7)-OVA, 
1 0 lower strips] with immobilised monoclonal antibodies. 

FIGURE 10 shows a design of two-steps of a bio-dot flow through immunoassay format for 
small haptens. 

15 FIGURE 11 shows two designs of a Surface Plasmon Resonance (SPR) flow immunosensor 
for small haptens using an immobilised antibody or a hapten-linker-large group conjugate of 
the invention onto the gold surface. 

FIGURE 12 shows different binding performance of four progesterone-OVA conjugates 
20 [(2)-OVA, -12 RU; (3)-OVA, -50 RU; (5)-OVA, -150 RU; (7>OVA, -225 RU] with 
immobilised monoclonal a/itf-progesterone antibody (MoAb) by SPR biosensor. 

FIGURE 13 shows antibody binding responses using three progesterone-OVA conjugates 
[(2)-OVA, (3>OVA and (5)-OVA] immobilised biosensor surfeces. 

25 

FIGURE 14 shows standard curves of competitive immunoassay of progesterone using three 
progesterone-OVA conjugates [(2)-OVA, (3)-OVA and (5)-OVA] biosensor surfaces. 

FIGURE 15 shows linear ranges of detection of progesterone obtained between 0.1 and 10 
30 ng.mT 1 from the competitive SPR-based immunoassay. 

FIGURE 16 depicts a process for the production of a testosterone-4-OVA conjugate with an 
18-atom linker. 
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FIGURE 17 depicts a design of synthesis of progesterone-4-OVA conjugates with various 
lengths of polyethylene glycol linkers. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

In the present disclosure, a ''rapid assay" is characterised by the assay components, when 
mixed, having a reaction that does not require it to approach a state of equilibrium before a 
meaningful result may be obtained from the assay. The invention is particularly suited to a 
rapid assay where the assay component reactions do not approach equilibrium during the 
10 period that the assay is run. Such rapid assays are non-equilibrium, kinetic-based assays. 
Typically, the assay should take less than 20 minutes to perform, more suitably less than 10 
minutes. 

A "large group" is a group of sufficient size to cause significant steric hindrance with respect 
15 to the binding of an attached hapten to a ligand when a linker of less than 10 atoms in length 
is interposed between the ligand and the hapten. Typically, in the present invention, a large 
group is a protein or polypeptide. Alternatively, the large group is an indicator, such as a 
fluorescent dye, for example bilirubin. 

20 In one embodiment, the large group of the conjugate is a protein. The protein is any readily 
available protein, which is preferably inexpensive and which contains large numbers of 
lysine for hapten conjugations. Examples of suitable proteins in the art include bovine serum 
albumin (BSA), ovalbumin (OVA) or keyhole limpet hemocyanin (KLH). Proteins may 
include enzymes, secretory proteins, globular proteins. A preferred protein for use herein is 

25 ovalbumin (OVA). Where the protein is an enzyme, it is preferred that it be selected from 
the group comprising alkaline phosphatase, glucose oxidase, horseradish peroxidase and 
amine-enriched horseradish peroxidase. 

A "hapten" is a molecule selected for detection. Most usually, the hapten is a low molecular 
30 weight organic compound that reacts specifically with an antibody and which is incapable of 
eliciting an immune response by itself but is immunogenic when complexed with an 
antigenic carrier. Haptens of interest here are selected from the group comprising 
carbohydrates, polynucleotides, steroids, steroid analogues, polypqptides (such as peptide 
hormones), drugs and toxins, but are not limited thereto. 
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Where the hapten is a steroid, such as progesterone or a molecule having an A-ring structure 
similar to progesterone, it is preferred that binding of the hapten occurs at the 4-position of 
the A-ring structure. It has been discovered that the protein conjugation site of the steroid 

5 progesterone at the C-4 position has good assay sensitivities. Previously, the literature has 
examined most of the common conjugation sites (3, 6|3, 7a and 11a positions) of the 
progesterone molecule to proteins, and the most highly sensitive EIA assay results were only 
obtained by using either 6|3 or 7a positions of the steroid {Journal of Reproduction and 
Fertility, 91, 1993, 557-561). The 4-progesterone derivatives are simpler to synthesise and 

10 have no stereoisomeric difficulties compared with 6p or 7a analogues. This makes the 4- 
position of progesterone, or the 4-position of other steroids having the same A-ring structure 
as progesterone, an excellent alternative protein conjugation site for the 6p or 7a position. 
However, use of the other binding sites is not excluded. 

15 In a preferred embodiment, the hapten is selected from the group comprising: 




. Progesterone Testosterone Corticosterone Hydrocortisone 




1 9-Hydroxy-4-andros terone-3, 1 7-dJone 1 7a, 20p-Dihydroxy-4-pregnen-3-one 

and 



Most preferably, the hapten is progesterone. 
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As used herein, a "ligand' 5 may be any molecule that has binding capacity for an antigen. It 
is preferably an immunoglobulin molecule capable of specific binding to a target Such 
antigen targets comprise haptens as discussed above. ligands encompass not only intact 
antibodies, but also fragments thereof such as Fab, (Fab>2, Fv, single chain (ScFv), mutants 
5 thereof, fusion proteins comprising an antibody portion, and any other modified 
configuration of the immunoglobulin molecule that comprises an antigen recognition site of 
the required specificity. In an alternative embodiment, the ligand may be a T-cell receptor. 

The linkers preferably comprise a chain of between 10 and 50 atoms in length, more 
1 0 preferably 1 1 to 24 atoms in length, most preferably 1 1 to 1 8 atoms in length. Any suitable 
linker known in the art may be employed. Linkers should be non-bulky groups proximal the 
hapten to ensure minimal steric hindrance wrt binding of hapten to ligand. It is also 
preferred that the chain be carbon-based. The carbon-based chain may also comprise one or 
more heteroatoms selected from N, S, O. Other side chain substituent groups may also be 
15 provided. 

Preferred chains are selected from the group comprising an amino acid chain, a polyethylene 
glycol chain, alkyl, alkenyl, nucleic acid, and polysaccharide. Heteroatoms may be part of 
an amino group. The chain can have one or more sites of unsaturation, preferably 3 or less. 
20 Amino acid fragments may be incorporated into the chain. Multiple amino-acid fragments 
may be provided by homologation. The use of hybrid peptide-nucleic acid fragments as 
linkers is also contemplated. 

The inventors have discovered that an optimal length of linker for reducing steric hindrance 
25 is about 18 atoms. Thereafter, minimal gains in performance are made but complications are 
introduced by assembly of longer linkers. Obviously, linkers longer than 18 atoms may be 
employed in the practice of the present invention, but they are not preferred. 

In a preferred embodiment, the conjugate of the invention is represented by Formula HI or by 
30 Formula IV, 
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Formula m 




Formula IV 



wherein X and Z are as defined above. 



10 In one embodiment, the conjugate of the invention is: 




li h 




Formula V 



In another embodiment, preferred conjugates of the invention are (5)-OVA and (7)-OVA 
15 depicted in FIGURE 2. 
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The linker may be attached to the hapten and protein by any means known in the art 
Preferred methods include by a covalent coupling reaction (e.g. to an amine, a carboxyl or 
sulfhydryl group on the protein), nucleic acid hybridisation, or ligand interaction. 

5 In order to covalently bind steroids to linking groups, it is often necessary to include a 
thioether or ether bridging group, preferably a thioether group. 

When a solid phase is required, the ligands or the hapten-linker-large group conjugates can 
be immobilised onto a solid phase. It is preferred that the amount of ligand and the hapten- 
1 0 linker-large group conjugate be predetermined. It is also preferred that there be an excess of 
protein-conjugate compared with ligands. 

Both the ligand and the hapten-linker-large group conjugate can further comprise an 
indicator suitable for use in a detection system to enable rapid detection of the conjugate for 
1 5 qualitative or quantitative analysis of the hapten. 

Many detection systems suitable for use in the present invention exist in the art One having 
ordinary skill in the arts can detect protein binding using well-known methods. Various 
immunoassay procedures are described in Immunoassays for the 80 r s, A. Voller. et al. 9 Eds., 
20 University Park, 1981. These include enzyme detection systems, dyes (such as fluorescent 
markers, and chromatic ions and complexes) and metal or non-metal colour particles (such as 
immunogold and coloured latex beads), and incorporated radioactive isotopes (detectable by, 
for example, scintillation counting). 

25 In a preferred embodiment, immunogold particles are used because they are inexpensive and 
relatively stable. Suitable enzymes which may be used to detect to be label the antibody 
include, but are not limited to, staphylococcal nuclease, delta-5-steroid isomerase, yeast 
alcohol dehydrogenase, alpha-glycerophosphate dehydrogenase, triose phosphate isomerase, 
horseradish peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, beta- 

30 galactosidase, ribonuclease, urease, catalase, glucose-6-phosphate dehydrogenase, 
glucoamylase and acetylcholinesterase. 

By radioactively labelling the antibody, it is possible to detect it through the use of a 
radioimmunoassay (RIA) (see, for example, Work, X S., et al, Laboratory Techniques and 
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Biochemistry in Molecular Biology, North Holland Publishing Company, N.Y., 1978). The 
radioactive isotope can be detected by such means as the use of a gamma counter or a 
scintillation counter or by autoradiography. Isotopes which are particularly useful for the 
purpose of the present invention are: 3 H, 14 C, 35 S, 125 I and 131 L 

5 

Fluorescent labels fall within the scope of the present invention. When a fluorescent-labelled 
antibody is exposed to light of the proper wavelength, its presence can then be detected due 
to fluorescence. Among the most commonly used fluorescent labelling compounds are 
fluorescein isothiocyanate, rhodamine, phycoerythrin, phycocyanin, allophycocyanin, o- 
10 phthaldehyde, fluorescamine and bilirubin. 

The antibody can also be detectably labelled using fluorescence-emitting metals such as 
152 Eu, or others of the lanthanide series. These metals can be attached to the specific 
antibody using such metal chelating groups as diethylenetriaminepentaacetic acid (DTP A) or 
1 5 ethylenediaminetetraacetic acid (EDTA). 

The antibody also can be detectably labelled by coupling to a chemiluminescent compound. 
The presence of the chemiluminescently labelled antibody is then detennined by detecting 
the presence of luminescence that arises during the course of a chemical reaction. Examples 
20 of particularly useful chemiluminescent labelling compounds are luminol, isoluminol, 
theromatic acridinium ester, imidazole, acridinium salt and oxalate ester. 

Likewise, a bioluminescent compound may be used to label the antibody. Bioluminescence 
is a type of chemiluminescence found in biological systems in which a catalytic protein 
25 increases the efficiency of the chemiluminescent reaction. The presence of a bioluminescent 
protein is determined by detecting the presence of luminescence. Important bioluminescent 
compounds for purposes of labelling are luciferin, luciferase and aequorin. 

Detection of an antibody maybe accomplished by a scintillation counter, for example, if the 
30 detectable label is a radioactive gamma emitter, or by a fluorometer, for example, if the label 
is a fluorescent material. 



In the case of an enzyme label, the detection can be accomplished by colorimetric methods, 
which employ a substrate for the enzyme. Detection may also be accomplished by visual 
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comparison of the extent of enzymatic reaction of a substrate in comparison with similarly 
prepared standards. 

The binding activity of an antibody may be determined according to well-known methods. 
5 Those skilled in the art will be able to determine operative and optimal assay conditions for 
each determination by employing routine experimentation. The methods contemplated for 
the present invention are kinetic-based. Equilibrium-based systems are not contemplated for 
the purposes of this invention. 

1 0 Positive control assays may be performed in which no test compound is added. 

In one embodiment, the hapten-linker-large group conjugate is as depicted in FIGURE 2. 

The conjugates of the invention are suitable for use in many different rapid immunoassays. 

15 

In a further aspect, the invention therefore provides a process for binding a conjugate of the 
invention to a ligand specific for the hapten in the conjugate. This binding step is generally 
conducted in the surface of the solid phase in a rapid flow over or flow through mode. 

20 Where a solid phase is used either the ligand or the hapten-linker-large group conjugate can 
be immobilised. Preferably, the hapten-linker-large group conjugate is immobilised on a 
solid support. Solid supports which can be used within the scope of the present invention 
comprise primarily insoluble, polymeric materials, selected from the group consisting of 
polystyrene, polypropylene, polyester, polyacrylonitrile, polyvinyl chloride, polyvinylidene, 

25 polysulfone, polyacrylamide, cellulose, cellulose nitrate, cross-linked dextrans, fluorinated 
resins, agarose, crosslinked agarose, and polysaccharides but are not limited thereto. 

In addition, however, other materials are also conceivable for use, such as glass, glass fibres, 
glass beads, metal, nylon mesh material, nylon membranes, metal, metal strips and metal 
30 beads. Preferred solid supports are selected from membranes, beads, microplate solid 
supports, test tubes, microtiter plates, dipsticks, lateral flow devices, resins, PVC, latex beads 
and nitrocellulose. The nature of the carrier can be either soluble to some extent or insoluble 
for the purposes of the present invention. The support configuration may be spherical, as in 
a bead, or cylindrical, as in the inside surface of a test tube, or the external surface of a rod. 
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Alternatively, the surface may be flat such as a sheet, test strip, etc. Those skilled in the art 
will know many other suitable carriers for binding antibody or antigen, or will be able to 
ascertain the same by use of routine experimentation* 

5 The solid surface is more preferably a membrane. 

Where the support is a metal, it is preferred that it be a metal suitable for use as a biosensor 
surface, such as gold or platinum. 

10 Immobilisation on the solid support may be by passive adsorption, covalent coupling or via a 
ligand interaction, such as an avidin/biotin complex (for example, U.S. 4,467,031 Galati et 
al.). 

The applicant has unexpectedly found that these hapten-linker-large group conjugates with 
15 longer linkers have a considerable advantage over conventional hapten-linker-large group 
conjugates in rapid assays. This is particularly surprising, as the performance of the 
conjugate is comparable with conventional conjugates when used in competitive ELISA-type 
assays. 

20 Without wishing to be bound by theory, it is proposed that low sensitivities with 
conventional protein-hapten conjugates in rapid immunoassays may be due to steric 
hindrance when forming immunocomplexes with immobilised antibody. Therefore, to 
increase sensitivities of rapid assays, a system that minimises steric hindrance to binding 
rates appears to be necessary. The hapten-linker-large group conjugates of the present 

25 invention appear to achieve this end. 

Without wishing to be bound by theory, the inventors proposed that the enhanced kinetics of 
the hapten antibody binding demonstrated in the examples of the present invention is 
facilitated by two key elements of the specific embodiments presented therein: 
30 1 . Binding of the linker to the 4-position of the steroid A ring; and 

2. The length of the linker such that the hapten and the protein are not sterically 
constrained with respect to one another allowing rapid recognition and binding of 
the hapten by the ligand. It is believed that the hapten and the protein are 
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afforded freedom of movement relative to one another thereby allowing rapid 
recognition of the binding of the hapten by the ligand. 

The inventors investigated other conjugation sites besides 60- and 7a and in progesterone for 
5 immunoassays. The C-4 position of the progesterone was found by the inventors to be an 
excellent alternative conjugation site to the 6J}-position of progesterone. Both progesterone- 
4-OVA (1-OVA) and progesterone-7a-OVA conjugates (2-0 VA) have similar antibody- 
binding performance in ELISA. The progesterone-4-OVA conjugate surprisingly 
demonstrates better antibody binding than the progesterone-7a-OVA conjugate in kinetic- 
10 based immunoassays, such as SPR. However, compared with 60- or 7a-progesterone 
derivatives, the synthesis of progesterone derivatives at C-4 position is simpler, and there is 
no stereoisomer problem, since the 4,5-double bond of the steroid provides only one 
progesterone derivative stereoisomer at the C-4 position. 

15 Recently, it has been found that the antibody-binding signal increases with longer distances 
between the capture antibody and alkaline phosphatase label or the microparticle, by using 
extended length heterobifunctional linkers. This enhancement is regarded as a result of the 
increasing distance between the two entities in a general bioconjugate. The inventors have 
discovered that the length of linkers (4-, 11- or 18-atoms long) in the progesterone-4-OVA 

20 conjugates has no significant effect on their antibody binding performance when used as 
coating antigens in ELISA. The conjugates with a long linker (4- and 6-0 VA) were even 
slightly worse than the OVA-conjugate with a short linker (1-OVA) for a short time(20 min) 
antibody-binding experiment. Therefore, three progesterone-4-OVA conjugates with 
different length linkers (4-18 atoms) have the same assay sensitivities of progesterone in 

25 ELISA. 

Previous studies have shown that signal enhancement was not always proportional to the 
length of the linker. For example, the signal increased 64% when the length of linker was 
incremented from 9 atoms to 23 atoms and 82% for a 30-atom long linker in an enzyme- 
30 antibody conjugate. However, the same enzyme-antibody conjugate with a 16ratom linker 
had slightly better antibody-binding performance than the conjugate with a longer linker (23- 
atoms). These results suggest that for signal enhancement, the ideal length of the linker 
between the antibody and the other entity depends on the size of two entities involved and 
the way in which the bioconjugate is formed. In the prior art the bioconjugates were 
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constructed between two large entities, ie an antibody and an enzyme or a microparticle. A 
linker was used only for antibody-labelling purposes, which was not directly involved in the 
same side of the binding-site of antibody-antigen. However, progesterone-OVA conjugates 
here are quite different These were constructed with a large protein (OVA) and a very small 
5 entity ie a progesterone molecule (MW 314). A linker is also directly involved in the 
binding site of the antibody/antigen. Therefore, it is likely that the effect of length of the 
linker on antibody-binding performance was different from early reported studies because 
the bio-conjugates were formed by two different sized entities and constructed in different 
ways. The inventors have discovered that the length of the linker also affects antibody 
1 0 binding in different assay formats, particularly rapid assays. 

A number of different assay types have been found to be useful in the practice of the 
invention. These include the test strip assays, dot-blot assays described herein (also known 
as the dot test or the dot immuno-binding assay), flow immunosensors such as SPR 
15 biosensor. 

It is also preferred that immunoassays of the present invention take less than 20 minutes, 
more preferably less than 10 minutes, most preferably less than 5 minutes to complete. 

20 In preferred test strip immunoassays, a predetermined amount of hapten-linker-large group 
conjugate with a long linker is immobilised onto a portion of a solid support to immobilise it 
The solid support is generally cellulose-based membrane or at least a support, which allows 
for capillary migration of water-based solvents to occur. A test sample is applied to the 
membrane support and mixed with labelled antibody and rapid migrated towards the capture 

25 line, which was immobilised by hapten-linker-large group conjugate. After binding with free 
sample haptens the excess antibodies form a colour band with the hapten-linker-large group 
conjugate at the capture line. The amount of labelled antibody as ligand is quantitatively or 
qualitatively determined by the colour intensities of the capture line. The less the labelled 
antibody ligand is bound to the hapten-linker-large group conjugate of the invention, the 

3 0 greater the amount of hapten is in the test sample. 

Other test strips may also be formulated. In one embodiment, a test sample is mixed with 
labelled protein-hapten conjugate of the invention. Both labelled hapten-linker-large group 
conjugate and the free hapten migrated together towards the capture line to compete for 
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binding sites on immobilised antibody ligands. The colour intensities, or the amount of the 
hapten-linker-large group conjugate, are inversely proportional to the amount of hapten in 
the test sample. 

5 While any of the labels discussed above may be employed, it is preferred that the labelled 
conjugate be visible to the naked eye. Accordingly, a visible dye is a preferred label. 

In both above strip assays, a protein conjugate of the invention has much better antibody 
binding in the capture line of the strip than a conjugate with a short linker. Therefore, the 
1 0 conjugate with a long linker can detect relatively lower antibody concentration in the capture 
line, thus increasing the sensitivity of the rapid strip assay. 

Another embodiment of the invention provides a bio-dot flow-through immunoassay. In 
such an immunoassay, ligand such as antibody is immobilised on the membrane first. After 
15 sample hapten flow through the membrane through a microfiltration apparatus, the marked 
hapten-linker-large group conjugate of the invention react with remained antibodies to form 
a coloured dot on the membrane. The colour intensities of the dot, or the amount of the 
hapten-linker-large group conjugate, are also inversely proportional to the amount of hapten 
in the test sample. 

20 

Surface plasmon resonance (SPR) biosensor technology is a very useful tool for 
characterisation of antibody-hapten interactions. It can also be designed for a rapid 
immunoassay of small sized haptens. Either the hapten-linker-large group conjugate or a 
ligand used in SPR is usually covalently immobilised on the biosensor surface. A mixture of 

25 free sample hapten (analyte) and antibody ligand, or hapten-linker-large group conjugates, 
passes over the biosensor surface most usually through a microfluidic flow cell to compete 
for a limited number of antibody binding sites on the biosensor surface. SPR detectors 
monitor the change in the refractive index of the solvent layer near the surface induced by 
association and dissociation of the hapten-antibody complex formation. The sensitivity of 

30 SPR detectors is dependent on the refractive index of the antibody-hapten complexes on the 
sensor surface, which is proportional to their molecular mass. Thus, the binding of the 
antibody with a hapten-linker-large group conjugate gives much higher SPR response on the 
refractive index due to its large molecular mass of proteins than the refractive index response 
by antibody binding with a small size hapten. 
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Hapten-linker-large group conjugates of the invention demonstrate advantages in all assays 
tested. When the hapten-linker-large group conjugates are used as coated antigens on a solid 
support, immunogold conjugated antibodies can detect the hapten-linker-large group 
5 conjugate in a lower concentration for the coated conjugate with a longer linker. While for 
the immobilisation of antibodies, a conjugate with a longer linker also has a lower 
concentration detection limit of the antibody. 

In strip assays, both assay configurations enhance the sensitivities of the 
10 immunochromatographic strip tests. Based on these new hapten-linker-large group 
conjugates with a longer linker, a highly sensitive immunochromatographic strip assay 
format has been developed, which can detect the small haptens at a lower concentration (< 
10 ng/ml) in a relatively short time. The hapten-linker-large group conjugate with a long 
linker of the invention is particularly useful for the strip assay when the test sample such as 
15 milk containing high content of fat, which strongly inhibits the antibody/hapten binding. 
Using the progesterone-OVA conjugate of the invention the lowest detection limit (LDL) of 
progesterone in milk is - 10 ng/ml as judged by visual inspection, which has a lower LDL 
than the literature value of 30 ng/ml (Acta Chemica Scandinavica, 50, 1996, 141-145). In 
this literature, the strip assay has to use accurate, freshly gold-labelled progesterone-OVA 
20 conjugate for every strip assay. 



For the rapid SPR (BIAcore) assay, the hapten-linker-large group conjugate with a long 
25 linker (18-atoms) gave a much better antibody binding performance (225 Response Units) 
than the conjugate having a short linker (4-atoms) (only 50 Response Units). The conjugate 
at 4-position of the progesterone molecule is also shown better antibody binding (50 
Response Units) compared with the conjugate at the 7a-position of the progesterone which 
has the exactly same length linker (4-atoms) (only 12 Response Units). 

30 

The invention therefore also extends to test strips, kits with test strips and hapten-linker-large 
group conjugate reactants. 
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Kits of the invention comprise a solid support with immobilised ligand as described above, 
and a vial or container comprising labelled hapten-linker-large group conjugate of the 
invention. 

5 In a still further kit embodiment, a kit comprises a solid support with immobilised hapten- 
linker-large group conjugate of the invention and a vial or container comprising labelled 
ligand to the hapten-linker-large group conjugate. 

In another kit embodiment of the invention, the kit may comprise a solid support with 
10 immobilised ligand as described above and a vial of container comprising a conversion kit 
for converting a hapten to a hapten-linker-large group conjugate of the present invention. 

Most usually, the kit also comprises a solvent, preferably an aqueous solvent, for migrating a 
test sample and the labelled conjugate over the solid support. Where the labelled conjugate 
15 is not visible to the naked eye, means may be provided in the kit for detecting the presence of 
the labelled conjugate. The kits would also usually comprise applicators, preferably for 
delivering a predetermined volume of sample and/or conjugate and/or ligand to the solid 
support. 

20 The hapten-linker-large group conjugates of the present invention may be produced by: 

1. binding a hapten to a linker as defined above. Preferably, the binding is through 
chemically covalent coupling reaction; or it may be by nucleic acid hybridisation where 
the linker is a nucleic acid. 

2. binding the free end of the linker to a large group, such as a protein. Known processes 
25 for binding linkers to proteins may be selected from the standard reference 

(Bioconjugation: Protein Coupling Techniques for the Biomedical Sciences, Edited by 
Mohammed Aslam and Alastair Dent) 

Alternatively, it is possible to first bind the linker to the protein and then to the hapten by the 
30 same processes. 

A process for producing a hapten-linker-large group conjugate of the invention is provided, 
including at least the steps of: 
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d) mixing an activated steroid hapten dissolved in an polar organic solvent with an 
aqueous solution comprising 1-10 molar equivalents of a heterobifunctional water- 
soluble linker, 

e) allow the mixture to react; and 

5 f) attach a large group to the remaining free functional linker group of the reaction 
hapten-linker product of step b). 

The process may optionally include an isolation step between steps b) and c) for isolating the 
hapten-linker product. 

10 

Preferably, the final mixture has an aqueous content of between 2 and 30%, more preferably 
between 5 and 15%, most preferably 10%. 

Step b) reaction time is preferably in the order of up to 24 hours, more preferably, less than 
15 12 hours, most preferably 3 hours. The reaction in b) generally takes place at room 
temperature. In a preferred embodiment, the reaction in b) takes place at substantially 
neutral pH. 

Preferably, the aqueous solution of step a) comprises 2-5 molar equivalents of a 
20 heterobifunctional water-soluble linker. 

In one embodiment, the activated steroid is an active ester of the steroid. In a most preferred 
embodiment, it is a succinamide ester of the steroid. 

25 Preferably, the heterobifunctional linker has two different functional groups selected from 
the group comprising: carboxyl, amino, thiol, hydroxy, aldehyde and reactive halide. In a 
preferred embodiment, the heterobifunctional groups are carboxyl and amino. 

Any non-reactive polar organic solvent may be used in the reaction. The polar organic 
30 solvent may be conveniently selected from DMF, DMSO, acetone and THF. 



WO 02/092631 PCT/NZ02/00092 

22 

INDUSTRIAL APPLICATION 

Thus in according with the present invention, there are provided assays for detecting haptens 
in a test sample. The conjugates are particular useful where the haptens are in low 
5 concentrations and/or containing high content fat in test samples that conventional 
immunoassays do not sufficiently or can not rapidly detect them. The assays are particularly 
useful when formulated for in situ testing. One such commercial application is for rapid, on- 
site detection of milk progesterone at low levels in cattle, which can be used for pregnancy 
diagnosis and oestrus detection of the cattle. 

10 

The invention will now be illustrated with reference to the following non-limiting examples: 

EXAMPLE 1 

15 Synthesis of four progesterone-OVA conjugates with various length linkers. 

(a) . Progesterone 4-mercaptopropionic acid (1) - and 7 a-mercaptopropionic acid (not 
shown). These Compounds were prepared according to a literature procedure {Steroids, 53, 
1989, 727-738) for the preparation of lla-hydroxyprogesterone 4- and 7a- 

20 mercaptopropionic acids. 

(b) . Succinimidyl progesterone 4-mercaptopropionates (3). To a 3 ml dry DMF solution of 
progesterone 4-mecaptopropionic acid 1 (434.8 mg, 1.04 mmol) a solution of 
dicyclohexyldiimide (235.7 mg, 1.14 mmol) in 1.0 ml of DMF was added, followed by N- 

25' hydroxysuccinimide (131.5 mg, 1.14 mmol) in 1.0 ml of DMF. The solution was stirred at 
room temperature overnight. Pure product (3) was obtained after flash column 
chromatography. 

(c) . Synthesis of succinimidyl progesterone 4-mercaptopropionates (5). Progesterone 4- 
30 succinimidyl ester 3 (300 mg, 0.58 mmol) was dissolved in 4 ml of dry DMF. To this 

solution was added e-6-aminocaproic acid (229 mg, 0.91 mmol) in 0.3 ml of deionised water, 
and the reaction mixture was stirred at room temperature overnight. After purification, the 
reaction gave a white solid product 4 (63.6% yield) as a single spot on a TLC plate, which 
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was used for the preparation of its succinimidyl ester 5 directly without any further 
purification. Compound 5 was prepared in a manner analogous to the preparation of 3 

(d) . Synthesis of succinimidyl progesterone 4-mercaptopropionates (7). Compound 6 was 
5 prepared in a similar manner to the preparation of 4 from 3- With compound 5 (157.6 mg, 

0.25 mmol) and e-6-aminocaproic acid (98.7 mg, 0.39 mmol) as starting material, compound 
6 (57% yield) was obtained after column flash chromatography. Compound 7 was also 
prepared in a manner analogous to the preparation of 5. With compound 6 (92.1 mg, 0.14 
mmol) as starting material, product 7 was obtained as a clear, colorless oil after column flash 
10 chromatography. All the above synthesized progesterone derivatives (1 ~ 7) were confirmed 
by ES-MS and NMR analysis. 

(e) . Protein conjugations. A series of progesterone-ovalbumin conjugates were prepared 
15 from either progesterone free acids (including 1), or the isolated progesterone succinimidyl 

esters (3, 5 and 7) as follows: 

To a solution of compound 1 (29.5 mg, 0.07 mmol) in DMF (0.5 ml) were added 
20 dicyclohexyldiimide (16.02 mg, 0.078 mmol) in 0.1 ml of DMF and N-hydroxysuccinimide 
(8.94 mg, 0.078 mmol) in 0.1 ml of DMF. The solution was stiired at room temperature for 
90 min. after which time the solution was added to a solution of OVA (63.5 mg, 0.0014 
mmol) in phosphate buffer (7 ml, pH, 7.0). The conjugation reaction was left stirring at 4 °C 
overnight. The samples were then dialyzed against aqueous NaHC03, deionised water, and 
25 PBS/T. After further purification with a PD40 column, the amount of protein in these 
purified samples, as determined by the BCA assay, was found to be 4.11 mg ml" 1 for 
progesterone-4-OVA, and 4.02 mg ml" 1 for progesterone-7a-OVA, respectively. 

The isolated, pure progesterone succinimidyl esters (3, 5, and 7) were also used for the 
30 protein conjugations directly. A solution of 0.019 mmol of progesterone active ester (3, 5 or 
7) in 0.2 ml of DMF or DMSO was slowly added to a solution of ovalbumin (17.1 mg, 0.38 
x 10" 3 mmol) in phosphate buffer (1.5 ml, pH, 7.0) while stirring. The purification of these 
three protein conjugates was performed in the same procedure as previously described 
above. The amount of protein in these progesterone-4-OVA conjugates, as determined also 
35 by the BCA protein assay, was found to be 1,09 mg ml" 1 (4 atoms linker), 3.56 mg ml" 1 (1 1 
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atoms linker), and 4.12 mg ml" 1 (18 atoms linker) respectively. Hie average conjugation 
degrees for the progesterone-OVA conjugates, or the hapten numbers per protein, are 
estimated to be four on average for each conjugate, which were directly determined by 
MAT PI TOF mass spectrometry. The structures of these progesterone-OVA conjugates are 
5 shown in FIGURE. 2. 

EXAMPLE 2 

Direct or competitive ELISA using progesterone-OVA conjugates as coating antigens. 

10 

A direct ELISA determined the binding reactivity of progesterone-OVA conjugates to MAb. 
The microtitre plates were pre-coated with progesterone-4- or -7a-OVA conjugates in a 
series of concentrations in NaHC0 3 (50 mM, pH 9.6). MAb solution in PBS/T (5 \xg ml" 1 , 
100 \x\ per well) was added. The plates were shaken for 3 hours at room temperature and left 
15 at 4 °C overnight. The plates were then added peroxidase-labeled anti-rat IgG solution. 
Finally, 200 \i\ of substrate solution were added into each cell, and the enzymatic reaction 
was stopped after 30 min by addition of 50 of 1 M H 2 S0 4 . The plates were then read and 
recorded at 450 run after 15 minutes. The antibody binding curves for both 4-and 7a- 
progesterone-OVA conjugates are shown in FIGURE 3 and 5. 

20 

Standard curves (see FIGURE 4 and 6) were produced using progesterone-OVA conjugates 
in NaHC0 3 (50 mM, pH 9.6) as coating antigens (1 [ig ml" 1 , 100 |Ltl per well). Various 
standard progesterone solutions (0.001 - 1000 ng ml" 1 ) in PBS/T (100 \x\ per well) and MAb 
solution (1 \xg ml" 1 ) in PBS/T (100 jil per well) were added to the plates at the same time for 
25 competitive ELISA. All the other ELISA procedure was performed in the same fashion as 
that for the direct ELISA. 

It has been found by the inventors that the progesterone-OVA conjugates with different 
length linkers and different conjugating positions (4- or 7a) on progesterone have no 
30 significant effect on the antibody binding performance by conventional ELISA. 
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EXAMPLE 3 

Preparation of immunopold complexes with monoclonal antibody (MoAbV or with 4- 
progesterone-OVA conjugates. 

5 

(a) . Preparation of colloidal gold particles (G40). The preparation was performed 
according to a similar literature {Analyst, 123, 1998, 2437-2441). 

(b) . Preparation of monoclonal antibody-, or 4-progesterone-OVA conjugates-coated 
10 colloidal gold. After titration of the colloidal gold (G40) solution to pH = 7.7 with K 2 C0 3 

(0.02 M), antibody (120 jig) or the 4-progesterone-OVA conjugates (60 |ig) solution (0.2 ml) 
was added into the pH adjusted colloidal gold solution (10 ml) with vigorous vortex mixing. 
The immunogold solutions were then blocked with 20% OVA solution in PBS (0.15 ml). 
After repeated washing with 2% OVA and centrifugation at 6.000 rpm, the immunogold 
1 5 solutions were stored in borate (NaB 7 0 4 ) buffer (2 mM, pH = 7.2) containing 0.1% NaN 3 at 
4°C. 

EXAMPLE 4 

20 Immunochromato graphic strip tests using 4-progesterone-OVA conjugates as coating 
antigens, or immobilising monoclonal antibody onto the test strip. 

Nitro-cellulose membrane (AE 100, Schleicher & Schuell, Germany) laminated with 
polyester backing support (GL-187, G &L Precision Die Cutting, Inc. USA) was cut into 
25 strips (4 or 5 mm wide). After blocked with 0.01% Tween-20 solution in water for 10 min, 
and followed by drying at 40 °C for 2 hours, the strips were coated with either anti- 
progesterone MAb solution (0.5 (il per strip), or 4-progesterone-OVA conjugate solutions 
(0.5 jj! per strip), the strips were again dried at 40 °C for 2 hours. The strips were stored in a 
silica gel container overnight 

30 

(a). For strip coating with different concentrations of OVA-progesterone conjugate 
solutions, the running solvents for half strip in a microwell are as follows: 
15 ^1 of 1% Tween-20 in PBS 

15 ]il of 2% polyvinyl pyrolidine (PVP, MW 44000) in PBS 
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3 jil of antibody-immunogold solution (0.72 |ig MAb per strip). 



(b). For strip coating with the different concentrations of monoclonal antibody solutions, the 
running solvents in a microwell are as follows: 



The antibody binding performance in above two different configurations are shown in 
10 FIGURE 7 and FIGURE 9. 

(c). Scanning Analysis. After running the strips the colour intensities of different test strips 
in FIGURE. 8 were analysed by scanning analysis using "Image Tool, Version 2.00 n , which 
is free from the intent, according to following procedure: 
15 1 . Placed strips onto scanner bed 



5 



20 |il of 2.5% Tween-20 in PBS 

20 ^1 of 2% polyvinyl pyrolidine (PVP, MW 44000) in PBS 

5 \x\ of progesterone-OVA coated immunogold (0.3 ^g protein per strip). 



2. 



3. 



Opened Image Tool and selected file, acquire, TWAIN 
Settings: Scaling =36% 



Width =3.31 cm 

Height = 3.49 cm 



20 



Resolution = 400 



25 



4. 



7. 



5. 



6. 



8. 



Pressed preview and once finished pressed Scan 

Saved colour image as JPG file and maximum resolution 

Converts image into 8 bpp black and white image by selecting ''Processing" 

and "Colour to Greyscale" 

Selected "Analysis" and "Line Profile", dragged line over band trying to get 
the ends of the line on the white surface (repeat three times for one band and 
take the average value). 

"Image Tool" automatically recorded the entire peak height values which 
were related the colour intensities on the strips. 
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EXAMPLES 

Evaluation of antibody binding performance using monoclonal antibody biosensor surface 

5 A biosensor surface immobilising by antibody solution (100 fig/ml in HBS buffer) was 
prepared by standard amine coupling of antibody to an activated CM-5 sensor chip. Four 
different progesterone-OVA conjugates [(2>OVA, (3)-OVA, (5)-OVA, and (7)-OVA] (at 1 
mg/ml concentration in HBS buffer) were injected serially over the calibrated biosensor 
surface at 10 nl/min for 3 minutes. The binding responses (Response Units or RU) were 
10 measured for each conjugate, which is shown in FIGURE 12. The results of binding 
affinities for the conjugates have clearly indicated that the conjugate at 4-position of the 
progesterone is better than the 7a-progesterone derivative, and also the conjugate having a 
long linker gave a far better antibody binding than the conjugate with a short linker. 

15 

EXAMPLE 6 

Evaluation of antibody binding performance using progesterone-OVA conjugate biosensor 
surfaces 

20 

Antibody binding studies were also evaluated using the above three progesterone-OVA 
conjugates [(2)-OVA, (3)-OVA and (5)-OVA] biosensor surfaces. Specifically, six 
concentrations of MoAB (0-100 jig.ml' 1 ) were individually injected over the blank and 
immobilized progesterone-OVA conjugate surfaces. Data from each conjugate surface was 

25 also corrected by subtraction of the sensorgram data from the blank surface. Three identical 
calibration studies were performed with no significant changes in the binding response for 
each of the antibody concentrations. Therefore, three calibration curves for 1-, 2- and 4-OVA 
were obtained by taking average binding responses for each concentration of the MoAB, and 
plotted against the antibody concentrations (FIGURE 13). The antibody-binding signal of the 

30 progesterone-4-OVA conjugates was increased by 30% as the length of the linker was 
increased from a 4-atom to an 1 1 -atom linker. The signal enhancement was also improved by 
31% for progesterone-4-OVA conjugate [(3)-OVA] compared with the 7a-conjugate [(2)- 
OVA]. 



35 
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EXAMPLE 7 

Competitive progesterone immun oassay by SPR using progesterone-OVA conjugates 
biosensor surfaces 

5 

For development of a competitive SPR immunoassay for progesterone, a progesterone-OVA 
conjugate is immobilized on the biosensor surface to give better binding responses, 
compared to an antibody-immobilized biosensor surface. From screening tests using 
different progesterone-OVA conjugates on the antibody biosensor surface (FIGURE 12), the 
10 conjugate [(7>OVA] with a linker of 1 8-atoms had the highest antibody-binding signal (225 
RU). This appears best as a sensor probe on the surface for design of a competitive BIAcore 
assay. However, this conjugate [(7)-OVA] failed to immobilize on the sensor surface, and we 
can only immobilize the other progesterone-OVA conjugates [(2)-OVA, (3)-OVA and (5)- 
OVA] on the sensor surfaces for competitive BIAcore assays. 

15 

After mixing a fixed concentration of MoAB (200 jag.ml" 1 ) with each of a series of 
concentrations of free progesterone in HBS buffer, the remaining antibody in each 
equilibrium mixture was subsequently injected on to the progesterone-OVA conjugate, 
biosensor surfaces and antibody binding responses measured. The same experiments were 

20 repeated five times with good reproducibility for each concentration of progesterone. The 
binding of antibody to the surface of the chip was inversely proportional to the amount of 
free progesterone in solution. A plot of concentrations of free progesterone versus average 
response (RU) of antibody binding provided three standard competition curves for three 
progesterone-OVA conjugates (FIGURE 14). The assays demonstrated good sensitivities 

25 over the range 0-50 ng.ml" 1 of progesterone concentrations. The immunoassay sensitivity is 
normally determined by the steepness of the calibration curve, i.e. response per unit 
concentration. Therefore, the [(5)-OVA] conjugate has shown a better assay sensitivity than 
the [(3)-OVA] conjugate, which is slightly more sensitive than the [(2)-OVA] conjugate. The 
results have clearly indicated the effects of the linker of the conjugates and the conjugation 

30 positions in the steroid molecule for SPR-based immunoassay. The SPR-based assays also 
exhibited a linear range of detection between 0.1 and 10 ng.mT\ and the R 2 values for this 
range were found to be over 0.99 for all three progesterone-OVA conjugates (FIGURE 15). 
The SPR-based immunoassays were fully competitive with conventional ELISA techniques 
but much more rapid and simple. 
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EXAMPLE 8 

5 Determination of milk progesterone concentration by Inununocbromatographic strip tests 
using 4-progesterone-OVA conjugate with a long lin ker (18-atoms) 

The 4-progesterone-OVA conjugate with a long linker (18-atoms) of the invention can be 
coated onto different membrane strips. The previously prepared antibody-gold conjugate can 
10 be diluted with 1-5% sucrose solution in water. The different conjugate pads can be cut into 
small size, and the above diluted immunogold solution (~ 10 pi) can be applied to each 
conjugate pad by soaking the gold solution info the sheet The gold conjugate pad will be 
dried, and stored. 

1 5 A lower wick material, or glass fibre, as a sample pad is saturated with Tris-buffer with 1-5% 
Tween-20 in water overnight and dried before use. All the test ingredients (membrane, gold 
conjugate pad, sample pad and solvent absorbent pad) can be pasted onto the backing plate 
and mounted in the plastic housing. This ready to use strip test device will be relatively 
stable when it is sealed in a pouch in the presence of a bag of drying agent. 

20 

This rapid lateral flow strip test can be successfully applied to measuring farm milk 
progesterone (P 4 ). The strip is a convenient alternative to conventional ELISA. It is also 
much faster than ELISA-based tests (10 minutes or less). It is particularly suited for on-site 
use by farmers. The test can be used for cow pregnancy diagnosis (For progesterone < 10 
25 ng/ml, an intensive colour band will show a negative pregnancy result; while for 
progesterone > 10 ng/ml, a weak colour band or no colour band will show a positive 
pregnancy result). 
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EXAMPLE 9 

Synthesis of testosterone-4-OVA conjugate with an extended linker 

5 The synthesis of testosterone-4-OVA conjugate with an 18-atom linker and its OVA 
conjugation will be carried out in the same procedure as shown in Example 1 using 
testosterone as steroid hapten instead of using progesterone. The process for the production 
of the testosterone-4-OVA conjugate is depicted in FIGURE 16. 

10 The above procedure can be applied to other steroids having the same A-ring structure to 
progesterone molecule, such as testosterone, corticosterone, 1 7ct,20p-dihydroxy-4-pregnen- 
3-one, lla-hydroxyprogesterone, 17a-hydroxypiogesterone, 21-hydroxyprogesterone, 19- 
hydroxy-4-androstene-3, 1 7-dione and hydrocortisone. 

15 EXAMPLE 10 

Synthesis of progesterone-OVA conjugates with various length of polyethylene glycol (PEG) 
linkers. 

20 The progesterone-OVA conjugates can be also synthesised using different types of linkers 
such as polyethylene glycol (PEG) (FIGURE 17) as shown by following steps: 

(a). Heterobifunctional PEG linker (H2N-PEG-CO2H). Mono-protected PEG amine 
compound can be prepared by reaction of a commercial PEG diamine with di-terf-butyl 
25 dicarbonate. The resulted mono-protected product can be reacted with a commercial 
dicarboxylic acid anhydride, followed by de-protection of amine to provide a 
heterobifunctional PEG amino acid linker with 24-atoms in length, which has the carboxylic 
acid group at one end, and the amine group at the other end of the linker. 

'30 (b). Synthesis of progesterone-PEG-OVA conjugates with various length linkers. The 
progesterone-4-mercaptopropionic acid (1) can be converted into the active succinimidyl 
ester as the same procedure as in Example 1 . The resulted activated steroid (3) can be reacted 
with the above PEG amino acid linker (H2N-PEG-CO2H) to form progesterone PEG 
derivative with a longer linker (44-atoms in length). The progesterone PEG derivatives (24- 
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and 44-atom linkers) can be coupled to the OVA proteins via the similar protein conjugations 
as shown in the Example 1 . 

The Progesterone-PEG-OVA conjugates are especially suitable for construction of protein 
5 conjugates with long linkers, which have much better water solubility than the conjugates 
with simple aminbcaproic acid chain [(3)-OVA, (5>OVA and (7)-OVA]. 

EXAMPLE 11 

10 A rapid immunoassay bv size exclusion chromatography 

This example describes a process for performing a rapid immunoassay by size exclusion gel 
column chromatography. There is no solid phase immobilization. Instead of using a protein, 
15 as in the examples above, progesterone is conjugated with a fluorescent dye via an extended 
linker to form the progesterone-linker-bilirubin of Formula V. 

The rapid immunoassay should be carried out as follows: 

20 Step 1: A fixed amount of the above progesterone-linker-bilirubin conjugate of Formula V 
and a predetermined amount of anti-progesterone antibody should be well mixed with a 
sample solution whose progesterone concentration is to be determined. The mixture should 
be permitted to form immunocomplexes. 

25 Step 2: The above mixtures quickly flow through a short size exclusion column, which will 
be monitored by HPLC with an UV detector at - 450 nm. Two major peaks will be detected 
in the HPLC chromatogram. The first peak will represent immunocomplex of the antibody 
with progesterone-linker-bilirubin conjugate, which will elute early due to its much higher 
mass (> 150,000), while the second peak represented the progesterone-linker-bilirubin 

30 conjugate has much lower mass (< 1,000) and will elute later. No other components show 
up on the chromatogram since there is no fluorescent dye attached to any other species. 

The first peak will be representative of the amount of progesterone-bilirubin conjugate and 
antibody immunocomplex. The second peak will be representative of the amount of 
35 progesterone-bilirubin conjugate not bound in an immunocomplex. 
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If the concentration of free progesterone in a given sample is high, then the limited 
antibodies form less immunocomplex with the progesterone-bilirubin conjugate. This causes 
the first peak to be smaller than the second peak. In contradistinction, if the concentration of 
free progesterone in a given sample is low, then the limited antibodies form more 
immunocomplex with the progesterone-bilirubin conjugate. This causes the first peak to be 
larger than the second peak. Therefore, the area of the first peak, or the ratio of the first peak 
area to the second peak will be inversely proportional to the sample progesterone 
concentrations. 

It will be appreciated by art skilled workers that the above disclosure is provided by way of 
example only. Many different variations of the present invention may be made. 
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Claims: 

1 . A hapten-linker-large group conjugate for use in a rapid assay, wherein the assay is 
kinetic-based not approaching equilibrium, the hapten-linker-large group conjugate being 
of the general formula: 

X W Y Z 

Wherein: 

X is a hapten; 

W is an optional thioether or ether group; 

Y is a linker of 1 0 or more atoms in length; and 

Z is a large group of sufficient size to provide steric hindrance with respect to the binding 
of X to a ligand in the absence of Y. 

2. A hapten-liriker- large group conjugate of claim 1 , wherein W is a thioether bridge. 

3 . A hapten-linker-large group conjugate of any one the preceding claims, wherein Y is of 
between 1 0 to 50 atoms inclusive in length. 

4. A hapten-linker-large group conjugate of any one of the preceding claims, wherein Y is 
of between 1 1 to 24 atoms inclusive in length. 

5 . A hapten-linker-large group conjugate of any one of the preceding claims, wherein Y is 
of between 1 1 to 18 atoms inclusive in length. 

6. A hapten-linker-large group conjugate of any one of the preceding claims, which is: 




or 
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wherein X and Z are as defined in claim 1 . 

7. A hapten-linker-large group conjugate of any one of the preceding claims wherein Z is a 
protein or a polypeptide. 

8. A hapten-linker-large group conjugate of any one of the preceding claims wherein Z is 
ovalbumin. 

9. A hapten-linker-large group conjugate of any one of 1 to 0, wherein Z is an indicator 
group. 

10. A hapten-linker-large group conjugate of any one of 1 to 0 and 9, wherein Z is bilirubin. 

1 1 . A hapten-linker-large group conjugate of any one of the preceding claims, wherein X is a 
steroid or steroid analogue. 

12. A hapten-linker-large group conjugate of any one of the preceding claims wherein X is a 
multi-cyclic fused-ring hapten having an A-ring structure of Formula VI: 



R 




B 



Formula VI 

wherein R is selected from the group comprising H, CH3 and CH 2 OH and the broken 
lines indicate members of an adjacent B-ring structure, and Ri is the attachment point for 
the linker Y. 
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1 3. A hapten-linker-laige group conjugate of any one of the preceding claims, wherein X is a 
hapten of Formula VII: 



wherein: 

R is selected from the group comprising: H, CH 3 and CH 2 OH; 
Ri is the attachment point for the linker Y; 
R 2 is H or OH; 

R 3 is selected from the group comprising: oxy, C1-C2 alkyl, hydroxy, and 
methylcarbonyl, which oxy, C1-C2 alkyl or methylcarbonyl is optionally substituted by 
hydroxy; and 

R4 is hydrogen or hydroxy. 

14. A hapten-linker-large group conjugate of any one of the preceding claims, wherein X is 
selected from the group comprising: 




Formula VII 
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21-Hydroxyprogesterone 17a-Hydroxyprogesterone 11a-Hydroxyprogesterone 




1 9-Hydroxy-4-a ndrosterone-3,1 7-dione 1 7a, 2O0-Dihydroxy-4-pregnen-3-one 

and 



15. A hapten-linker-large group conjugate of any one of the preceding claims, wherein X is 
progesterone. 

16. A hapten-linker-large group conjugate of claim 10 that is: 
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17. A hapten-linker-large group conjugate of any one of claims 1 to 9 and 1 1 to 15 that is: 




wherein OVA is ovalbumin. 
1 8. A hapten-linker-large group conjugate of any one of claims 1 to 9 and 1 1 to 1 5 that is: 




wherein OVA is ovalbumin. 

19. A hapten-linker-large group conjugate of any one of the preceding claims, wherein the 
ligand is an immunoglobulin molecule. 

20. A hapten-linker-large group conjugate of claim 18, wherein the ligand is an antibody or 
an antibody fragment. 

21 . A rapid assay method wherein the assay is kinetic-based not approaching equilibrium, 
the assay being for detecting a hapten in a sample, comprising the steps of: 

d) contacting a ligand capable of binding the hapten with a test sample; 

e) further contacting the ligand of step a) with a hapten-linker-large group conjugate 
of any one of claims 1 to 20 specific for the ligand; and 

f) determining the amount of unconjugated hapten bound to the ligand. 

22. A rapid assay method according to claim 21, wherein the second step (b) of contacting 
the ligand results in contacting and binding of much of the excess unbound ligand. 
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23. A rapid assay method according to claim 21 or claim 22, wherein the hapten-Iinker-large 
group conjugate is immobilised. 

24. A rapid assay method according to any one of claims 21 to 23, wherein the mixture of 
step a) is flowed over the hapten-linker-large group conjugate of step b). 

25. A rapid assay method according to any one of claims 21 to 24, wherein the hapten is a 
steroid. 

26. A rapid assay method according to any one of claims 21 to 24, wherein the hapten is 
progesterone. 

27. A rapi&assay method according to any one of claims 21 to 25, wherein the ligand is an 
antibody. 

28. A rapid assay wherein the assay is kinetic-based not approaching equilibrium, the assay 
being for detecting a hapten in a sample, comprising the steps of: 

a) combining hapten-linker-large group conjugate of any one of claims 1 to 20 with a 
test sample; 

b) contacting the resultant mixture with ligand capable of binding the hapten; and 

c) determining the amount of unconjugated hapten bound to the ligand. 

29. A rapid assay according to claim 28, wherein the ligand is immobilised. 

30. A rapid assay according to claim 28 or claim 29, wherein the step b) of contacting the 
resultant mixture with an immobilised ligand takes place by a flow over or flow through 
system. 

3 1 . A rapid assay method according to any one of claims 28 to 30, wherein the hapten is a 
steroid. 

32. A rapid assay method according to any one of claims 28 to 3 1 , wherein the hapten is 
progesterone. 
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33. A rapid assay method according to any one of claims 28 to 32, wherein the ligand is an 
antibody. 

34. A rapid assay kit, wherein the assay is kinetic-based not approaching equilibrium, the kit 
including at least: 

a) a ligand which binds to a hapten; and 

b) a hapten-linker-large group conjugate of any one of claims 1 to 20. 

35. A rapid assay kit of claim 34, wherein the kit further includes an indicator. 

36. A rapid assay kit of claim 35, wherein the indicator is bound to the hapten-linker-large 
group conjugate. 

37. A rapid assay kit of claim 35, wherein the indicator is bound to the ligand. 

38. A rapid assay kit of any one of claims 34 to 37, which is a flow over kit. 

39. A rapid assay kit of claim 38, which is a test strip. 

40. A rapid assay kit of any one of claims 34 to 37, which is a flow through kit. 

41. A process for binding a hapten-linker-large group conjugate of any one of claims 1 to 20 
to a ligand comprising the steps of contacting the corrugate with a ligand capable of 
binding the hapten in the conjugate for a predetermined time where the reaction does not 
approach equilibrium. 

42. The process according to claim 41 , wherein the ligand is immobilised. 

43. The process according to claim 41 or claim 42, wherein the ligand is contacted with a 
hapten before being contacted by the hapten-linker-large group conjugate. 

44. The process according to claim 41 or claim 42, wherein the ligand is contacted with the 
hapten-linker-large group conjugate before or simultaneously with being contacted by a 
hapten. 
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45. A hapten-linker-large group conjugate of any one of the preceding claims, wherein the 
ligand is an immunoglobulin molecule. 

46. A process for producing a hapten-linker-large group conjugate of any one of claims 1 to 
20 is provided, including at least the steps of: 

g) mixing an activated steroid hapten dissolved in an polar organic solvent with an 
aqueous solution comprising 1-10 molar equivalents of a heterobifunctional water- 
soluble linker; 

h) allow the mixture to react; and 

i) attach a large group to the remaining free functional linker group of the reaction 
hapten-linker product of step b). 

47. The process according to claim 46, which includes an isolation step between steps b) and 
c) for isolating the hapten-linker product. ' - 

48. The process according to claim 46 or claim 47, wherein the final mixture has an aqueous 
content of between 2 and 30%. 

49. The process according to any one of claims 46 to 48, wherein the final mixture has an 
aqueous content of between 5 and 15%. 

50. The process according to any one of claims 46 to 49, wherein the final mixture has an 
aqueous content of about 10%. 

5 1 . The process according to any one of claims 46 to 50, wherein the step b) reaction time is 
in the order of up to 24 hours. 

52. The process according to any one of claims 46 to 51, wherein the reaction in b) takes 
place at room temperature. 

53. The process according to any one of claims 46 to 52, wherein the reaction in b) takes 
place at substantially neutral pH. 
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54. The process according to any one of claims 46 to 53, wherein the aqueous solution of 
step a) comprises 2-5 molar equivalents of a heterobifunctional water-soluble linker 
when compared with the activated steroid. 

55. The process according to any one of claims 46 to 54, wherein the activated steroid is an 
activated ester of a steroid. 

56. The process according to any one of claims 46 to 55, wherein the activated steroid is a 
succinamide ester of a steroid. 

57. The process according to any one of claims 46 to 56, wherein the heterobifunctional 
linker is carboxyl at one end and amino at the other end. 

58. The process according to any one of claims 46 to 57, wherein the polar organic solvent is 
selected from the group comprising DMF, DMSO, acetone and THF. 
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AMENDED CLAIMS 

[received by the International Bureau on 18 October 2002 (18.10.02); 
Original claims 1, 9, 10, 1 1, 12, 19, 26, 32, 39, and 44 have been amended. There are now 56 

claims, 58 claims originally filed] 

1 . A hapten-linker-large group conjugate for use in a rapid assay, said hapten-linker-large 
group conjugate being of the general formula: 
X - W - Y - Z 
wherein: 

X is a multi-cyclic fiised-ring steroid hapten having an A-ring structure of Formula I: 



R 




Formula I 

wherein R is selected from the group 5 comprising H, CH 3 and CH2OU and the 
broken lines indicate members of an adjacent B-ring structure, and Ri is the 
attachment point for linker Y or W when present; 

W is an optional thioether or ether group; 

Y is a linker of 10 or more atoms in length; and 

Z is a large group of sufficient size to provide stoic hindrance with respect to the binding 
of X to a ligand in the absence of Y. 

2. A hapten-linker- large group conjugate of claim 1 , wherein W is a thioether bridge, 

3 . A hapten-linker-large group conjugate of any one the preceding claims, wherein Y is of 
between 10 to 50 atoms inclusive in length. 

4. A hapten-linker-large group conjugate of any one of the preceding claims, wherein Y is 
of between 1 1 to 24 atoms inclusive in length. 

5. A hapten-linker-large group conjugate of any one of the preceding claims, wherein Y is 
of between 1 1 to 1 8 atoms inclusive in length. 
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6. A hapten-linker-large group conjugate of any one of the preceding claims, which is: 




wherein X and Z are as defined in claim 1. 

7. A hapten-linker-large group conjugate of any one of the preceding claims wherein Z is a 
protein or a polypeptide. 

8. A hapten-linker-large group conjugate of any one of the preceding claims wherein Z is 
ovalbumin. 

9. A hapten-linker-large group conjugate of any one of 1 to 6, wherein Z is an indicator 
group. 

1 0. A hapten-linker-large group conjugate of any one of 1 to 6 and 9, wherein Z is bilirubin. 

1 1 . A hapten-linker-large group conjugate of any one of the preceding claims, wherein X is a 
hapten of Formula II: 
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Formula II 

wherein: 

R is selected from the group comprising: H, CH 3 and CH 2 OH; 
Ri is the attachment point for the linker Y; 
R 2 is H or OH; 

R 3 is selected from the group comprising: oxy, Ci-C 2 alkyl, hydroxy, and 
methylcarbonyl, which oxy, Ci-C 2 alkyl or methylcarbonyl is optionally substituted by 
hydroxy; and 

R4 is hydrogen or hydroxy. 

12. A hapten-linker-large group conjugate of any one of the preceding claims, wherein X is 
selected from the group comprising: 
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Progesterone Testosterone CorUcosterone Hydrocortisone 




21-Hydroxyprogesterone 17a-Hydroxyprogesterone Ha-Hydroxyprogestei 




19^ydroxy^ndrosterone-3,17.dlone 17a, 20p-Dihydroxy-«-pre g nen-3«H,e 

and 



13. A hapten-linker-large group conjugate of any one of the preceding claims, wherein X is 
progesterone. 

14. A hapten-linker-large group conjugate of claim 10 that is: 
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15. A hapten-linker-large group conjugate of any one of claims 1 to 9 and 1 1 to 13 that is: 



wherein OVA is ovalbumin. 
16. A hapten-linker-large group conjugate of any one of claims 1 to 9 and 1 1 to 13 that is: 



wherein OVA is ovalbumin. 

1 7. A hapten-linker-large group conjugate of any one of the preceding claims, wherein the 
ligand is an immunoglobulin molecule. 

1 8. A hapten-linker-large group conjugate of claim 16, wherein the ligand is an antibody or 
an antibody fragment. 

19. A rapid assay method for detecting a hapten in a sample, comprising the steps of: 

a) contacting a ligand capable of binding the hapten with a test sample; 

b) further contacting the ligand of step a) with a hapten-linker-large group conjugate 




o 




of the general formula: 



X 



W 



Y 



Z 



wherein: 



X is a hapten; 

W is an optional thioether or ether group; 

Y is a linker of 1 0 or more atoms in length; and 
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Z is a large group of sufficient size to provide steric hindrance with respect to the 
binding of X to aligand in the absence of Y; and 
c) detennining the amount of unconjugated hapten bound to the ligand before the 
reaction substantially reaches equilibrium. 

20. A rapid assay method according to claim 19, wherein the second step (b) of contacting 
the ligand results in contacting and binding of much of the excess unbound ligand. 

21 . A rapid assay method according to claim 19 or claim 20, wherein the hapten-linker-large 
group conjugate is immobilised. 

22. A rapid assay method according to any one of claims 1 9 to 21 , wherein the mixture of 
step a) is flowed over the hapten-linker-large group conjugate of step b). 

23. A rapid assay method according to any one of claims 19 to 22, wherein the hapten is a 
steroid. 

24. A rapid assay method according to any one of claims 19 to 22, wherein the hapten is 
progesterone. 

25. A rapid assay method according to any one of claims 19 to 23, wherein the ligand is an 
antibody. 

26. A rapid assay for detecting a hapten in a sample, comprising the steps of: 

a) combining a test sample with a hapten-linker-large group conjugate hapten- 
linker-large group conjugate of the general formula: 
X W - Y Z 

wherein: 
X is a hapten; 

W is an optional thioether or ether group; 

Y is a linker of 10 or more atoms in length; and 

Z is a large group of sufficient size to provide steric hindrance with respect to the 
binding of X to a ligand in the absence of Y; 
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b) contacting the resultant mixture with ligand capable of binding the hapten; and 

c) determining the amount of unconjugated hapten bound to the ligand before the 
reaction mixture substantially reaches equilibrium. 

27. A rapid assay according to claim 26, wherein the ligand is immobilised. 

28. A rapid assay according to claim 26 or claim 27, wherein the step b) of contacting the 
resultant mixture with an immobilised ligand takes place by a flow over or flow through 
system. 

29. A rapid assay method according to any one of claims 26 to 28, wherein the hapten is a 
steroid. 

30. A rapid assay method according to any one of claims 26 to 29, wherein the hapten is 
progesterone. 

3 1 . A rapid assay method according to any one of claims 26 to 30, wherein the ligand is an 
antibody. 

32. A rapid assay kit including at least; 

a) a ligand which binds to a hapten; and 

b) a hapten-linker-large group conjugate of any one of claims 1 to 1 8. 

33. A rapid assay kit of claim 32, wherein the kit further includes an indicator. 

34. A rapid assay kit of claim 33, wherein the indicator is bound to the hapten-linker-large 
group conjugate. 

35. A rapid assay kit of claim 33, wherein the indicator is bound to the ligand. 

36. A rapid assay kit of any one of claims 32 to 35, which is a flow over kit 

37. A rapid assay kit of claim 36, which is a test strip. 
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38. A rapid assay kit of any one of claims 32 to 35, which is a flow through kit 

39. A process for binding a hapten-linker-Iarge group conjugate hapten-linker-large group 
conjugate of the general formula: 

X - W - Y - Z 

wherein: 

X is a hapten; 

Wis an optional thioether or ether group; 

Y is a linker of 1 0 or more atoms in length; and 

Z is a large group of sufficient size to provide steric hindrance with respect to the binding 
of X to a ligand in the absence of Y to a ligand, 

which process comprises the steps of contacting the conjugate with a ligand capable of 
binding the hapten in the conjugate for a predetermined time where the reaction does not 
substantially reach equilibrium. 

40. The process according to claim 38, wherein the ligand is immobilised. 

41 . The process according to claim 38 or claim 40, wherein the ligand is contacted with a 
hapten before being contacted by the hapten-linker-large group conjugate. 

42. The process according to claim 38 or claim 40, wherein the ligand is contacted with the 
hapten-linker-large group conjugate before or simultaneously with being contacted by a 
hapten. 

43. A hapten-linker-large group conjugate of any one of the preceding claims, wherein the 
ligand is an immunoglobulin molecule. 

44. A process for producing a hapten-linker-large group conjugate of any one of claims 1 to 
18 is provided, including at least the steps of: 

a) mixing an activated steroid hapten dissolved in an polar organic solvent with an 
aqueous solution comprising 1-10 molar equivalents of a heterobifonctional water- 
soluble linker; 

b) allowing the mixture to react; and 
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c) attaching a large group to the remaining free functional linker group of the reaction 
hapten-linker product of step b). 

45. The process according to claim 44, which includes an isolation step between steps b) and 
c) for isolating the hapten-linker product 

46. The process according to claim 44 or claim 45, wherein the final mixture has an aqueous 
content of between 2 and 30%. , 

47. The process according to any one of claims 44 to 46, wherein the final mixture has an 
aqueous content of between 5 and 15%. 

48. The process according to any one of claims 44 to 47, wherein the final mixture has an 
aqueous content of about 10%. 

49. The process according to any one of claims 44 to 48, wherein the step b) reaction time is 
in the order of up to 24 hours. 

50. The process according to any one of claims 44 to 49, wherein the reaction in b) takes 
place at room temperature. 

5 1 . The process according to any one of claims 44 to 50, wherein the reaction in b) takes 
place at substantially neutral pH. 

52. The process according to any one of claims 44 to 51, wherein the aqueous solution of 
step a) comprises 2-5 molar equivalents of a heterobifunctional water-soluble linker 
when compared with the activated steroid. 

53. The process according to any one of claims 44 to 52, wherein the activated steroid is an 
activated ester of a steroid 

54. The process according to any one of claims 44 to 53, wherein the activated steroid is a 
succinamide ester of a steroid. 
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55. The process according to any one of claims 44 to 54, wherein the heterobifunctional 
linker is carboxyl at one end and amino at the other end. 

56. The process according to any one of claims 44 to 55, wherein me polar organic solvent is 
selected from the group comprising DMF, DMSO, acetone and THF 
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FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6, 
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FIGURE 7 
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FIGURE 10. 
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FIGURE 11 
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FIGURE 12 
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FIGURE 13 
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FIGURE 14 
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FIGURE 15 
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FIGURE 17. 




Progesterone-PEG-OVA Conjugate 
(24-atom linker) 




Progesterone-PEG-OVA Conjugate 
(44-atom linker) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/NZ02/00092 



CLASSIFICATION OF SUBJECT MATTER 



Int CL 7: C07K 14/77; C07J 33/00, 43/00; G01N 33/72, 33/53, 33/531 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

STN Files: Medline, CA, Biosis, WPIDS; keywords: steroid, sterone, cortiso, cbolester, pregnan, linker, conjugat 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to 
claim No. 



X 



WO 01/32783 A1(PE CORPORATION) 10 May 2001 
See Scheme 1 (page 61), claims 2, 14 and 61 



WO 99/63346 Al (ROCHE DIAGNOSTICS CORPORATION) 9 December 1999 
See pages 26-29 and claims 



EP 992512 A2 (ORTHO-CLINICAL DIAGNOSTICS, INC.) 12 April 2000 
See claims 1-7 



1, 3-5, 7 



1,3-5,7 



1,3-5,7 



X Further documents are listed in the continuation of Box C 



X See patent family annex 



w O" 



Special categories of cited documents: 

document defining the general state of the art "T ! 

which is not considered to be of particular 

relevance 

earlier application or patent but published on or "X" 
after the international filing date 

document which may throw doubts on priority "Y" 
claim(s) or which is cited to establish the 
publication date of another citation or other special 
reason (as specified) 

document referring to an oral disclosure, use, "& w 
exhibition or other means 

document published prior to the international filing 

date but later than the priority date claimed 



later document published after the international filing date or priority date 
and not in conflict with the application but cited to understand the principle 
or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is combined 
with one or more other such documents, such combination being obvious to 
a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
2 August 2002 



Date of mailing of the international search 



mat search report 

2 0 AUG 2002 



Name and mailing address of the ISA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200, WODEN ACT 2606, AUSTRALIA 
E-mail address: pct@ipaustralia.gov.au 
Facsimile No. (02)6285 3929 



Authorized officer 



CHRISTINE BREMERS 

Telephone No : (02) 6283 2313 



Form PCT/TSA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/N202/00092 



C (Continuation!. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to 
ciann jno. 


X 


US 5834206 A (NEUENHOFER, S et al) 10 November 1 998 
See column 2 


1,3-5,7 


X 


BIENIARZ, C et al Extended Length Heterobifunctional Coupling Agents for Protein 

Conjugations. Bioconjugate Chemistry. 1996, vol 7, pages 8 8-95 

See abstract, page 88 column 1, page 91 column 1, column 2 paragraph 1 


1,3-5,7 


X 


US 5578457 A (BRUMMOND, B A et al) 26 November 1996 
See claim 1 


1, 3-5, 7, 21- 
58 


X 


US 5298403 A (DANIELSON, S J et al) 29 March 1994 

See column 1 lines 13-30, column 2 line 13- column 4 line 52, claim 1 


1,3-5,7 


X 


US 5191066 A (BIENIARZ, C et al) 2 March 1993 
See column 3-4 


1,3-5,7 


X 


WO 90/10448 A2 (GENENTECH, INC) 20 September 1990 
Seepage 17 paragraphs 1 and 2, claims 1-20 


1,3-5,7,21- 
58 

1, 3-5 


X 


WO 89/00291 Al (SCLAVO INC., WEST COAST) 12 January 1989 
See claims 7 and 10 


X 


US 4039385 (ULLMAN,E F et al) 2 August 1977 
See columns 1 1 and 12 and claim 1 


1,3-5,46 


x- 


WO 01/32662 A2 (NST NEUROSURVIVAL TECHNOLOGIES LTD.) 10 May 2001 
See pages 6-12, claims 3, 7, 14-16, 28-29 


1,3-5,7,9 


X 


WU Ul/loiUo A2 (CxilKAJJN CUisi^UKAllUJNJ o Marcn ZUU1 
See claims 10 and 11 


1,3-5,7 


X 


WO 01/00247 Al (THE LIPOSOME COMPANY, INC.) 4 January 2001 
Seepages 10-11 and claim 1 


1,3-5 



FormPCT/ISA/210 (continuation of Box Q (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/NZO2/O0O92 



C (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to 
claim No. 


X 


WO 00/09073 A2 (PROTEIN DELIVERY, INC.) 24 February 2000 
Sec claims 1, 4, 5, 15 (formula 4), section 5.8.3 


1,3,7,11,13 


X 


US 6022959 A (MAGDA, D et al) 8 February 2000 
See claims 1,2, 13 


1,3,11 


x 


WO 99/57124 Al (KESEL, A et al) 1 1 November 1999 
See claims 4 and 5 


1, 3-5, 7 


X 


DE 19814814 Al (STEFFAN, G DR) 7 October 1999 
See claims 1, 4-9 


1,3-5,7 


X 


US 5876727 A (SWAIN, P A et al) 2 March 1999 
See column 16 line 45- column 17 line 55 


1, 3-5,7 


X 


US 5773001 A (HAMANN, P R et al) 30 June 1998 
See columns 1-3 and claim 1 


1,3-5,11 


X 
X 


WO 97/23243 Al (BRISTOL-MYERS SQUIBB COMPANY) 3 July 1997 
See pages 23-24, claims 42 and 55-75 

WO 97/1 53 16 Al (MERCK & CO., INC.) 1 May 1997 
Seepage 15, claims I -10 


1-5, 7,11, 19- 
20,45 

1-5, 7-8 


X 


CA 2156618 Al (INSTITUT FUR DLAGNOSTTKFORSCHUNG GMBH AND DER 
FREEEN UNTVERSITAT BERLIN) 13 October 1994 
See claims 1, 2 and 11 


1, 3-5, 11 


X 


ANNUNZIATO, M E et al. P-Maleimidophenyl Isocyanate: A Novel 
Heterobifunctional Linker for Hydroxyl to Thiol Coupling. Bioconjugate Chemistry. 
1993, vol 4 no 3, pages 212-218 


1, 3-5, 7 


X 


AU 1 21 48/92 A fiNSTTTTJT FTIR DIAGNOSTTKFORSCHTTNf; GMBH AND DER 
FREEEN UNTVERSITAT BERLIN 10 September 1992 
See claims 1 and 2 


1, 3-5, 7 


X 


AU 12147/92 A (INSTITUT FUR DIAGNOSTKFORSCHUNB GMBH AND DER 
FREIEN UNTVERSITAT BERLIN 10 September 1992 
See claims 1 and 2 


1,3-5,7 



Form PCT/ISA/210 (continuation of Box C(2)) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/NZ02/00092 



C (Continuation) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to 
claim No. 



X 



X 



X 



P,X 



WO 91/14696 Al (GILEAD SCIENCES, INC.) 3 October 1991 
Seepage 13, claims 1, 5-7, 10, 115 

EP 398305 Bl (BRISTOL-MYERS SQUIBB COMPANY) 22 November 1990 
See claims 

EP 3 13873 Al (AMERICAN CYANAMID COMPANY) 3 May 1989 
Seepages 8-11 

US 435 1760 A (KHANNA, P et al) 28 September 1982 

See column 4 line 35- column 5 line 40, column 6 line 43- column 7 line 42 

US 6251382 Bl (GREENWALD, R B et al) 26 June 2001 
See columns 2-4 



1,3-5,7,11 
1,3-5 

1-5, 7,19-20 

1,3-5 

1,3-5,7 



Form PCT/ISA/210 (continuation of Box C(3)) (July 1998) 



ft 


mTERT^nON AL SEARCH REPORT 


Internationa] application No. 




Information on patent family members 


PCT/NZ02/00092 



This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the 
above-mentioned international search report The Australian Patent Office is in no way liable for these particulars 
which are merely given for the purpose of information. 



Patent Document Cited in 






Patent Family Member 


* 




Search Report 














WO 9963346 


AU 


32350/99 


EP 


961009 


JP 


11351170 




US 


6139299 










EP 992512 


US 


5934179 


EP 


932358 


WO 


9858579 


US 5834206 


AU 


40320/95 


CA 


2164767 


DE 


4444002 




EP 


716304 


JP 


8233812 






US 5578457 


EP 


584854 


HK 


1011082 


JP 


6206870 




US 


5543311 










US 5298403 


CA 


2062240 


EP 


517326 


JP 


5172814 


US 5191066 


AU 


91452/91 


CA 


2097920 


EP 


560912 




WO 


9210507 










WO 9010448 


CA 


2049028 


EP 


462145 






WO 8900291 


AU 


20868/88 


US 


4894348 






US 4039385 


CA 


1003770 


CH 


553410 


DE 


2223385 




ES 


402720 


FR 


2139505 


GB 


1401297 




GB 


1401298 


IL 


39323 


JT 


972332 




NL 


7206434 


US 


3817837 


US 


3852157 




US 


3867366 


US 


3875011 


US 


3905871 




US 


3966556 


us 


3975237 


US 


4040907 




US 


4046636 


us 


4065354 


us 


4067774 




US 


4190496 


us 


4191613 


us 


4203802 




us 


4282325 


us 


4376825 


CA 


956106 




us 


4423143 










US 6022959 


NONE 












DE 19814814 


NONE 












US 5876727 


AU 


53749/96 


CA 


2216658 


EP 


814843 




WO 


9630049 


us 


5840307 


us 


5760184 




US 


6054127 


us 


2002032316 


us 


5773003 




AU 


64834/98 


CN 


1244130 


EP 


1024834 




WO 


9814216 










US 5773001 


AU 


20449/95 


BR 


1101078 


BR 


1100941 




BR 


1100990 


CA 


2150785 


EP 


689845 




FI 


952720 


IL 


113984 


JL 


129953 



Form PCT/ISA/2 10 (citation family annex) (July 1998) 





INTEBM5IONAL SEARCH REPORT 


International application No. 




Information on patent family members 


PCT/NZ02/00092 







IL 


132974 


JP 


8048637 


NO 


952206 






NZ 


272274 


NZ 


328762 


ZA 


9504570 






US 


57391 16' 


US 


5767285 


US 


5877296 


WO 


9723243 


EP 


871490 


US 


5824805 






WO 


9715316 


AU 


74681/96 










CA 


2156618 


AU 


65015/94 


DE 


4311021 


EP 


692979 






HU 


72733 


NO 


953865 


NZ 


263792 






WO 


9422491 










AU 


12148/92 


CA 


2062454 


DE 


4107571 


EP 


502595 






IE 


920761 


JP 


6100519 


PT 


100200 






ZA 


9201716 










AU 


12147/92 


CA 


2062483 


DE 


4107570 


EP 


502594 






IE 


920762 


JP 


6024972 


ZA 


9201717 


WO 


9114696 


AU 


77592791 


CA 


2079109 


EP 


537299 


EP 


398305 


US 


5122368 


AU 


55117/90 


CA 


2016584 






HK 


1005018 


EL 


94379 


JP 


3027321 






NO 


902197 


NZ 


233696 


PT 


94064 






ZA 


9003757 


DK 


639/89 


EP 


328147 






FI 


890599 


IL 


106992 


JP 


1246295 






NO 


890593 


NO 


950099 


NZ 


227911 






PT 


89683 


ZA 


8900938 


CA 


2010164 






AU 


49762/90 










EP 


313873 


AU 


24489/88 


AU 


24494/88 


BR 


1100939 






BR 


1101084 


BR 


1101079 


CA 


1321582 






DK 


6024/88 


DK 


6025/88 


EP 


313874 






FI 


884983 


FI 


884984 


HK 


1318/97 






HK 


1319/97 


EL 


87947 


IL 


87946 






JP 


1193282 


JP 


2096599 


NO 


884833 






NO 


884834 


NZ 


226726 


NZ 


226727 

Ltd <\J 1 id 1 






ZA 


8808123 


ZA 


8808127 


US 


5053394 






US 


5606040 


US 


5770701 


US 


5770710 






AU 


53241/90 


CA 


2014486 


CN 








CN 


1110280 


EP 


392384 


IL 


93733 






IL 


115770 


JP 


2292294 


NO 


901655 






NO 


932192 


NZ 


233148 


PH 


30494 






PT 


93716 


SG 


47848 


ZA 


9002840 


US 


4351760 


CA 


1159823 


EP 


25912 


JP 


56043279 



Form PCT/ISA/210 (citation family annex) (July 1998) 





interHBional search report 


International application No. 




Information on patent family members 


PCT/NZ02/00092 





JP 


1308485 


US 4481136 


US 4588697 




US 


4774191 






US 6251382 


US 


2002009426 






END OF ANNEX 



Form PCT/ISA/2I0 (citation family annex) (July 1998) 



